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Editorial

This issue contains full texts of most of the talks given at the 25th. Teacher’s
Refresher Course organised by the Institute of Chemistry of Ireland in January
1981. Each year only a small handful of chemistry teachers attend the course,
with a strong nucleus of committed regular attenders. Usually the talks are very
interesting, informative and stimulating and deserve a wider audience.
“Chemistry in Action!” will contain the Proceedings of the Teacher’s Refresher
Course in the Summer issue each year, starting with this issue. I hope that those
who came and those who didn’t will find this helpful – but let me encourage those
who didn’t come this year, and perhaps have never come, to make a date for
next January. The course is recognised by the Department of Education for
expenses, and you don’t have to be a member of either the Institute or the
I.S.T.A. to attend (though these do get reduced fees). One cannot get the full
flavour of the talks, or benefit from the interaction with other teachers unless you
do come. Full details of next year’s course should be out with the Autumn issue.

The priority of in-service education
One of the recurrent topics in discussions with teachers at course and conferences
is the necessity for increased finance and opportunities for in-service education
for teachers (INSET). Not just in science, of course, but in all subjects and at both
Inter-Cert. and Leaving Cert. levels. A government committee is sitting at the
present on “In-service training for teachers” and the teacher’s unions and other
interested  bodies  have  submitted  proposals.  The  present  provision  of  both
courses and finance for science teachers (for all three basic sciences) can only be
termed pathetic.  The  whole  allocation is used up on the  Teacher’s Refresher
Course  and the  I.S.T.A.  Annual  Meeting,  with none  left  over  to  fund proper
in-service courses.  (I  define a proper  in-service course as being an extended
opportunity to gain hands-on experience of some aspect of science teaching, and
must involve  the  active  participation of the teacher  in a  laboratory  or  in the
field.)
I estimate from the replies received for the Teacher’s Register that there must
be upwards of 1500-2500 science teachers in the country  – not all  chemistry
teachers, of course, but the majority will teach some Inter-Cert. science. If all
these teachers were to be given the chance to do an in-service course every 5
years for at least 1 week, with all expenses paid - a very bare provision indeed –
this would mean providing courses for upwards of 300 science teachers a year
(ignoring the needs of other subjects for the moment), with an average cost per
teacher  of  not  less  than £100.  Obviously,  what  is  needed is  a  much bigger
commitment to INSET by the Government to ensure that the quality of science
education in Ireland is maintained and improved.

No money will be available until the priority of in-service education is realised for
all  practising teachers,  on a regular  basis throughout a teacher’s career.  The
teacher’s union’s request for  £16 million per annum for  first and second-level
INSET courses does not seem an exorbitant sum to pay when the size of the
problem is realised. As I write this I have just read in the paper (14/5/81) that
the  Minister  of  Education  has  announced  a  crash  programme  to  promote
Computer  Studies in schools: a  computer  in every  school  by  September  and
funding for about 13 INSET courses in the Summer. Where there is a will – there
IS a way! Computer education is glamorous and trendy and is good publicity –
but let us hope that the basic needs for extra funding in Mathematics, Physics and
Chemistry are not overlooked in the scramble to pick up the silicon chips.

Feedback
Many teachers have returned questionnaires and made requests for articles on
various topics and information. I hope to deal with some of these in later issues,
but please be patient if your request isn’t met for some time. I am still looking
for more contributors and I’m sure that many readers have something to share.
Many teachers have asked for ‘simple experiments that work’ – obviously many
experiments DON’T work under school conditions. It’s also important for other
teachers, especially inexperienced ones,  to know what doesn’t work and what
problems  can  arise  with  experiment  –  please  share  your  own  failures  and
successes with others through “Chemistry in Action!”

Circulation
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“Chemistry in Action” is sent gratis to second-level Chemistry teachers in the
Republic of Ireland,  and is available on subscription to third-level teachers or
other interested people. The basis of the mailing list is the Chemistry Teacher’s
Register which is being compiled as names come in. If you know of teachers who
teach L.C.Chemistry and are not on the mailing list, please get them to write in
with their name and school address. Issue 3 was only sent to teachers on the
Register  and not to all  schools,  so there are undoubtedly  teachers who have
missed seeing that issue, and will also miss this one. So please spread the word
around so that all eligible teachers get on the register. I hope in the future, funds
permitting, to extend the circulation of “Chemistry in Action” to all teachers of
Inter-Cert.  Science,  since all  will  be involved in teaching some Chemistry.  At
present this is not possible.

Looking through this issue it seems to be more serious-minded than the first
three issues – this is partly due to pressure of time and the concentration on the
25th.  Teacher’s  Course  lectures.  Please  make  the  effort  to  read  these,
particularly Donal Carroll’s comprehensive article on Analytical Chemistry.  I’m
sure you’ll find it worthwhile. The Autumn issue will be a bumper issue, with the
mixture as before!
P.E.Childs
Hon.Editor

 

Editorial http://www3.ul.ie/~childsp/CinA/cina4/TOC1_Editorial.htm

2 of 2 24/01/2012 09:34



PROCEEDINGS: 25th. Teacher’s Refresher Course
The Ideal Curriculum

Professor D.A.Brown, U.C.D.

One should begin this lecture by pointing out that the title is absurd since there is
obviously no such thing as an ideal curriculum anymore than there is an ideal
woman (or man) or indeed ideal anything else. Perhaps the Greek concept of the
golden mean is still a good guide to life and is nowhere more applicable than in
the design of a school syllabus. We must remember that the majority of pupils do
not proceed to third level education, so that a general education in a range of
subjects is required.

The variety  of political,  economic and social  pressures in our  society  exert a
considerable  effect  on  educational  values.  (Anyone  doubting  this  statement
should examine the nature of authority in our schools of today compared with 10
years ago!).  In the case of Chemistry,  these pressures are well illustrated by
recent  pronouncements  of  speakers  from  the  CII  (Confederation  of  Irish
Industry) and IDA (Industrial Development Authority). For example, “We must
make the best use of our human resources in ensuring that young people are
given every opportunity to acquire the high skills which will in turn equip them to
enjoy  higher  living  standards  than  their  parents  enjoyed”  and  again,  “The
Confederation of Irish Industry  has encouraged industrialists to help with the
creation  of  an  awareness  of  new  technologies  among  all  sections  of  the
community, and in particular among educationalists and within the schools. The
Confederation has over  the  past  18 months in particular  been engaged in a
number of projects which are aimed at improving the links between industry and
the schools, and the Confederation looks to the schools for full co-operation in
ensuring the success of these projects”.

(Taken  from  a  lecture  given  by  Mr.Con  Power,  Director,  Economic  Policy,
Confederation  of  Irish  Industry  at  the  2nd  annual  “Careers  in  Industry”
Conference  held in University  College,  Earlsfort  Terrace,  Dublin 2,  on Friday,
3/10/1980)

These are important points well-presented and well-argued and they should, in
my  opinion,  be  heeded  if  Ireland  is  to  continue  its  industrial  development.
However, there is the other view of education, that of Newman which I quoted in
my  plenary  lecture  at  the  International  Conference  on  Chemical  Education,
Dublin (1979)  and I  quote  again:  -  “It  is  only  fitting  to  recall  the  words of
J.H.Newman set out in his lectures ‘The Idea of a University’ given in Dublin in
1852 (1). He claimed that a university training is ‘the education which gives a
man a  clear  conscious  view  of  his  own opinion  and  judgements,  a  truth  in
developing them, an eloquence in expressing them, and a force in urging them’.
In other  words,  this concept of University  education rejects the  criterion that
utility should be the basis of what is taught and does not seek to train students
purely  as professional  practitioners but  rather  to  educate  them in a  general
sense.  From  the  opposite  point  of  view,  there  has  always  been  a  strong
vocational lobby which maintains an essentially practical approach to the subject
laying particular stress on a close relationship between University training both in
course content and intellectual approach and industrial development. This dual
approach to the teaching of Chemistry at both tertiary and secondary levels, is
still evident”.

How  then  are  we  to  react  to  these  cross-currents  and  counter-pressures  in
designing a Chemistry Syllabus? I suggest by first trying to agree on fundamental
principles as follows: -

(a) We must stress the basic intellectual concept of the scientific
approach, that of intellectual honesty and the ability to reject ideas
if these prove incorrect as shown by experimental results. We must
be honest enough to show where this approach has broken down
(e.g.  in  politics  –  Fascism  and  Communism;  Religion  –  Galileo,
Darwin, etc; Economics – The Seveso disaster).
(b) We must convey to the student the wonder and excitement of
scientific discovery and understanding both for its own sake and as
part of a cosmic pattern.
(c)  We  must  communicate  this  excitement  by  encouraging  the
students  to  make  discoveries  themselves,  i.e.  by  practical
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observation and experiments – noting what actually happens and
not  what  should  happen  –  seeking  an  explanation  of  these
observations and being prepared as teachers to admit that we may
not always understand either!
(d) Finally, we should show the impact of Chemistry on the society
around us both politically and economically.

Some of the skills which we would hope to develop in students are shown in
Table 1.

TABLE 1
1. Patterns – Recognition and Application
Ability to look for patterns in observations and data.
Ability to view observations in relation to different patterns.
Ability to correlate patterns.
Ability  to  apply  previously  recognised  patterns,  including  extrapolation  and
interpolation using recognised patterns.

2. Observational Skills
Ability to observe fully.
Ability to select from observations those which have a bearing on the problem in
hand.

3. Experimental Skills
Ability to handle, with adequate dexterity, materials and scientific equipment in a
chemical laboratory.
Ability to follow instructions in a laboratory.
Ability to recognise and respond to unexpected observations.
Ability to work safely in a chemical laboratory.
Ability to work co-operatively in practical situations.

4. Pattern Explanations – Hypotheses
Ability to formulate hypotheses to explain recognised patterns.

5. Evaluation of Hypotheses
Ability to distinguish the most plausible hypotheses from less plausible ones.
Ability to frame questions likely to be answered through investigation.
Ability to devise an experiment to test an hypothesis.
Ability to develop further hypotheses when existing ideas are challenged by new
information.

6. Conceptual Skills
Ability to relate observations or data to abstract conceptual statements.
Ability to separate, exclude or combine concepts in problems.

It is also important that as teachers we should always be willing to stop, reflect
and think critically of our own personal contribution and the way we teach and
inspire (or not as the case may be!) – one cannot overemphasise the personal
contribution here.

With this sort of general philosophical approach to the teaching of Chemistry a
group of us in the Education Committee of the Institute of Chemistry of Ireland
drew up a syllabus for Leaving Certificate Chemistry. The aims which again were
quoted at the Dublin meeting are: -

“It is designed not only to present chemistry as the science of the various forms
of matter and their transformations, but also to enable the student to assess the
social importance and the contribution of chemistry to society.”

“The  intention  is  that  there  should  be  a  two-way  interaction  between  the
understanding of chemical concepts and their application. The chemical principles
in this syllabus are included because they are required to explain the role of
chemistry in the environment and in industry. Conversely, the applications are
designed to illustrate,  in the clearest and most graphic manner,  the concepts
taught. Thus the syllabus gives a basic education to students, enabling them to
understand concepts and to develop an appreciation of the  subject which will
benefit  those  who will  not  continue  with chemistry,  as well  as giving a  solid
foundation to those students who will pursue chemistry further.”

The proposed course is divided into four sections: a) Energy; b) Environment; c)
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Industry and d) Comparative Chemistry. The detailed syllabus, under these four
headings, is given below:

a) ENERGY
1) Combustion (combining with O2)
Concept  introduced  as  process  of  combination  with  O2.  Examples  –  carbon,
hydrogen
The hydrocarbon as fuels (alkanes only; structural isomerism) – typical equation
and relevance to e.g. internal combustion engine.
Calorific Value – definition and measurement (bomb calorimeter), give values of
various energy sources here.

2) THERMOCHEMISTRY
Introduce via Bond Energy (definition) (non-polar and covalent only) then on to:

(i) Heat of formation (directly related to bond energy)
(ii) Heat of reaction
(iii) Heat of combustion
(iv) Hess’s Law.

Introduce  here  concept  of MOLE simply  as gram-molecular  weight  related to
above thermochemistry quantities.

3) KINETICS
Stress  relationship  between energy  and  changes of  states  of  matter  and  so
naturally to rate of change i.e. first why changes occur (chemical reactions) and
then factors influencing their rates of change.

Nature of reactants e.g. state of division (surface area/volume ratio)

Effect of temperature – relate to kinetic theory (plot a distribution curve).

Effect of concentration – 1st and 2nd order rate laws (by experiment, derivation
not required).

4) CELLS
Introduce via concept of electron transfer and development of emf (as a source
of energy only)

e.g. Fe2+(aq) —› Fe3+(aq) + e-

M(aq) —› M+(aq) + e-

½Cl2(aq) + e- —› Cl-(aq)

then use relationship of electron transfer/energy to develop (a) activity series;
(b) cells. Finally discuss redox reactions, oxidation numbers.

b) ENVIRONMENT
1) Air Composition: structure and properties of hydrogen, oxygen and nitrogen;
properties of the oxides of carbon, CO, CO2; of nitrogen, NO and NO2; and of
sulphur,  SO3,  SO2;  their  formation  by  natural  and  industrial  processes;  air
pollution; properties of nitric,  sulphuric and carbonic acids and their  salts; the
ionic bond.

2) Gases: general nature of the gaseous state. The gas equation and numerical
application. S.T.P., molar volume, Avogadro, and Dalton’s Laws. The influence of
temperature and pressure on the solubility of gases in water.

3) Water: the water cycle, common contaminates, cause of hardness, purification
(filtration, treatment by zeolites, distillation), hydrogen-bonding; self-ionisation;
equilibrium ionic product.

4)  Solutions:  Concentration  in  %,  ppm  and  molarity.  Solubility  of  ionic
compounds;  conductivity  (descriptive)  of  aqueous solutions.  Tests  for  ions  in
solution (NH4+, Na+, K+, Ca2+, Mg2+, Al3+, Fe2+, Fe3+, Cu2+, Cl-, NO3

-, CO3
2-,

SO4
2-,  PO4

3-) (Na+ and K+ flame tests only).  Volumetric analysis (acid-base,
water hardness and BOD)

5)  Acid-Base  Theory:  Acids  as  proton  donors:  bases  as  proton  acceptors;
neutralisation; use of indicators; pH scale; calculation of pH for strong acids and
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bases only; estimation of pH by indicators.

c) INDUSTRY
1) Inorganic Industrial Chemistry
Sodium and chlorine are derived from the electrolysis of fused sodium chloride.

Purified  aluminium  oxide  (Al2O3)  is  made  from  bauxite,  (contains  hydrated
aluminium oxide). In the Hall Process Al2O3 is dissolved in molten cryolite and
aluminium is collected at the cathode.

Zinc is obtained by electrolysis and by roasting the ore, followed by heating with
carbon out of contact with air.

Iron is derived by smelting the ores with limestone and coke in blast furnaces.
With copper the final purification involves electrolytic refining of aqueous copper
sulphate.

Hydrogen may be prepared from natural gas:

CH4 + H2O —› CO + 3H2

and then: CO + H2O —› CO2 + H2

and by electrolysis of water.

Ammonia is formed in the Haber process

N2 + 3H2—› 2NH3         DH = -46kJ mol-1

Typical  conditions at Marino Point at 200 atmospheres and 450ºC,  using iron
catalysts, are given in Table 2 (ref. “Chemistry in Action”, No.1 May, 1980).

Table 2
Equilibrium compositions as % of NH3 in 3:1 mixtures of hydrogen and nitrogen

 t/ºC

P/atm 400 500 600

30 10.7 3.62 1.43

100 25.1 10.4 4.52

200 36.3 17.6 8.2

Then:
NH3 —› HNO3; S —› SO3 —› H2SO4; 2NH3 + H2SO4 —› (NH4)2SO4

Equilibrium
Once rate laws are defined this leads on to concept of equilibrium and equilibrium
constant.

Then after  equilibrium – catalysis: give  characteristics and types etc.  and as
examples  give,  say  Haber  Process  (relevant  to  Ireland)  or  perhaps
Hydroformylation reaction (so important to modern industry). Outline gasification
of coal.

2) Organic synthesis
In accordance with the following flow-charts, Figures 1 and 2 (see next page).

Diags, p.4 INSERT IMAGE HERE

d) COMPARATIVE CHEMISTRY
The objective is to illustrate the interaction between the observed behaviour of
matter,  and the  explanation of such behaviour  in terms of modern chemical
theory.

The  periodic  pattern  of  chemical  properties  (reaction  with  water,  oxygen,
chlorine) of the elements H to Ca. The explanation of this periodic behaviour in
terms of the electronic configurations of the atoms (see below). Properties of the
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Chlorides  of  elements  Na  to  CI(?)  (bond  type,  melting  point,  conductivity,
behaviour with water.)

Properties of the Oxides, Na to S. For illustration of trends, restricted to Na2O,
MgO, Al2O3, SiO2, P4O10, SO3. (composition, bonding, acid/base behaviour.)

Hydroxy  compounds,  Na  to  Cl.  (bonding,  acid/base  character)  Restricted  to
H3PO4, H2SO4, HClO4, for P, S, Cl respectively.

The characteristic features of the chemistry of the transition metals of the first
long period. An explanation of these properties in terms of the expansion of the
third energy level.

Comparative chemistry of Group VII  (properties,  reactivity,  hydrogen halides,
salts).

Atomic structure – flame tests for metals, emission spectra, spectrum of atomic
hydrogen.  Explanation in  terms of  energy  levels.  Graphical  determination of
ionisation energy of hydrogen from UV spectrum. Trends in ionisation energies of
the elements. Explanation of trends in terms of sub-energy levels. Energy level
diagrams for atoms.

Orbitals  as  mathematical  functions  which  account  for  electron  behaviour.
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Quantum numbers as labels for particular orbitals. Explanation of the order of the
atomic energy levels in terms of the allowed values of the quantum numbers.
Shapes of s and p orbitals.

Structure of molecules – overlap of atomic orbitals to give molecular orbitals; s
and p types. Energy level diagram for H2. An explanation of the formation of a
stable molecules in terms of a lowering of energy relative to the atoms. Energy
level diagrams for first row homonuclear diatomic molecules. An explanation of
reactivity  of  O2 in  terms of  unfilled  outer  energy  level.  The  shapes of  AH2
molecules  (A  =  Be,  C,  O).  an  explanation of  these  shapes  in  terms of  the
variation of the energies of the energy levels with bond angle (Walsh diagram).

The above theoretical course must be accompanied by corresponding practical
work  (best  designed  by  the  individual  teacher)  which would  teach the  basic
experimental skills.

In summary, the main thrust of this syllabus design is the “two-way interaction
between  understanding  of  chemical  concepts  and  their  applications”  i.e.  the
intellectual  satisfaction and the  vocational  and I  suggest that such a  syllabus
would strike a fair balance between these two approaches and at the same time
be stimulating for both teacher and pupil.

References:
1 J.H.Newman, “Select Discourses from the Idea of a University” (May Yardles,
ED.,) Cambridge, CUP, (1913)

(Members of the Committee which drafted the proposed syllabus were:
D.A.Brown, J.P.Chester, N.J.Fitzpatrick, A.F.Hegarty, P.A.Start)

* * * * * * * * * * * * * *
“Chemistry is just numbers”
Carl Sagan in “Cosmos”
Really?

About 50 million tons of sulphur are turned into sulphuric acid each year…….*
“the hearts of ordinary people do not beat faster nor are their cheeks flushed and
their steps more buoyant at the thought that a new and improved process for the
production of sulphuric acid has been developed. One has to be an economist, a
business man or a chemist to know what sulphuric acid is needed for. There is a
general misty understanding, that, somehow or other, the prosperity and wealth
of a nation can be measured in terms of the tons of the stuff it turns out, but few
people know it is an indication of the size of a nation’s metallurgical industries.”

Magnus Pyke
from “There and Back”,
John Murray 1978

*(How much sulphuric acid would be produced each year from this much sulphur?

nswer: S —› H2SO4
          32g —› 98g
          50 million tons —› 153 million tons
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New Ideas for Laboratory Teaching
Randal Henly, Mount Temple School, Dublin

Last year Randal was on his way to a term’s sabbatical at York University on a
course for chemistry teachers called “Chemistry and Chemical Education” (see
box).  This year  he  came back  to  tell  us about the  course,  which may be of
interest to some of our readers. Details of the course are given in the box, if you
want to write off for details. Randal obviously found the course very helpful and
he shared his impressions of the course, and some of the new ideas for chemistry
teaching that he picked up at York. This report is in two sections: the first one
deals with the York course and the second gives various teaching ideas.
Ed.

Chemical Education at York University
There were 17 teachers on the course I attended in 1980, and the structure of
the course is shown in Table 1. Professor David Waddington is the Professor of
Chemical Education at York, and is in overall charge of the course. The course
consists of lectures and practicals in three areas of chemistry, with a choice of
two other optional courses. I chose the middle two. There were also lectures on
chemical education.

Table 1
UNIVERSITY OF YORK: Course in Chemistry and Chemical Education
Course outline:

Chemistry Core (obligatory)
Kinetics and mechanism
Determination of molecular structure
Energetics and equilibria

Chemistry options (choose two)
Geochemistry
Computers in chemistry
Economic and industrial chemistry
Transition metal chemistry

Chemical Education
Curriculum development & evaluation
Educational research
Educational technology
Assessment techniques
Administration of science departments

Kinetics and Mechanism
Many  organic  reaction  mechanisms  on  the  L.C.  syllabus  were  dealt  with,
emphasising  the  experimental  evidence  for  the  mechanisms,  and  I  now
understand more fully some of the things I teach in this area.
(David  Waddington’s  books  with  Professor  Dick  Norman on  ‘Modern  Organic
Chemistry’ and ‘Mechanisms in Organic Chemistry: Case Studies’, both Mills and
Boon, are very useful here.)

Determination of molecular structure
This  introduced  me  to  modern  methods  of  structure  determination  –  mass
spectroscopy, nuclear magnetic resonance spectroscopy, infra-red spectroscopy,
ultra-violet and visible spectroscopy, and X-ray methods. We could run spectra
on the instruments and I was struck by how different the mass spectrometer is
from the diagrams we use in books. I found the interpretation of mass spectra
interesting and reasonably easy.

Energetics and Thermodynamics
I didn’t find this topic particularly useful, so least said…

Tutorials and Practicals
I liked the use of a tutorial system at York, where we met in groups of 3 or 4
with a lecturer. We were given sheets of problems to do and we had to hand in
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solutions. These were then discussed in the tutorial.  It meant that one had to
work and one got to know the material as a result. This is an approach that I
want to try with form 6.

There was also a lot of practical work associated with the lecture topics and the
laboratories were always available. As well as doing prepared experiments we
were encouraged to develop our own teaching materials and to try experiments
of our own choice.

One colleague spent a lot of time investigating endothermic reactions for class
demonstrations, since there are lots of exothermic reactions available, but not so
many endothermic ones.

I used a bomb calorimeter for the first time – I’d never even seen one until then,
although I have been teaching about it for years. How many of you have seen or
used one?

Economic and Industrial Chemistry
I  found this very interesting.  I  dealt with the role of the chemical industry in
society; the economics and cost of production; supply and demand, prices and
profits; chemical processes; the Flixborough disaster.
This all brought chemistry down to earth and there should be more of this on the
L.C. course.

Educational Research
This was the boring part of the course and was certainly an example of how not
to teach! It reminded me that one cannot learn from somebody just talking for
an hour – some activity is necessary or some audio-visual aid must be aided. The
same applies moreso to our pupils.

Other activities
I also took the opportunity to use the university libraries to read up lots of past
issues of J.Chemical Education and Education in Chemistry.

About every second Tuesday there was an evening programme where various
people  gave  talks,  followed by  discussion.  The  evening with Professor  Frank
Helliwell  was particularly  memorable.  He  has had a  busy  career  in chemical
education: headmaster; senior lecturer in chemical education at Keele, where he
started in-service courses; organiser of the Nuffield O-level chemistry project;
first Professor of Chemical Education at East Anglia… He retired at 67 nine years
ago, and hasn’t stopped since. He had a lot of good ideas to offer and some of
them are passed on below.

(The Nuffield O-level Chemistry Teacher’s Handbook contains many great ideas
for teaching chemistry, making models – a must for all chemistry teachers. Ed.)
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Curriculum Development and Application
I spent a lot of time on the problem of teaching science to the full ability range
i.e. mixed-ability or non-streamed teaching. How many of us have non-streamed
science  classes  to  Inter-Cert?  I  got  into  writing  worksheets  to  encourage
individual learning based on “Investigating Science”, and I have started using and
revising them. Some examples of my initial attempts are shown in the box. I
also  wrote  an  article  in  “The  Secondary  Teacher”,  March  1981,  on  “Some
thoughts and strategies on teaching mixed ability classes’, which you may have
seen.

I have given below some criteria to follow in writing worksheets and suggested
activities for using with mixed ability classes, and these may be of some use.

Important criteria in writing worksheets
1. Give a title which clearly states the purpose of the material.
2. State exactly where all the necessary materials are to be found.
3. Give precise and exact instructions for the work to be done. Do not state, for
example, a ‘suitable container’, but put instead a ‘small, dry flask’.
4. Give only one direction at a time.
5.  Use  simple  vocabulary,  with  as  few  sub-clauses  as  possible  i.e.  short
sentences.
6. Use diagrams corresponding to the actual piece of apparatus in use. Do not,
for example, illustrate a voltmeter which is different from the one being used.
7.  Give  clear  and  explicit  warnings of  danger,  and details  of  any  necessary
precautions.
8.  Instruct the pupils to refer  to the teacher at certain points (e.g.  ‘ask your
teacher for the acid which is needed’); this has the function of acting as a safety
measure as well as a means of keeping control of the procedure.
9.  Describe  the  kind  of  ‘results’  table  that  will  be  needed,  before  giving
instructions for the experiment.
10.  Instruct pupils to tidy  up afterwards and to replace  the  materials and/or
equipment.

Variation in both the  content  of the  worksheets and also  in their  layout and
appearance  is very  important; stereotyped material  fails to have any  impact
after a time.

Suggested activities for pupils
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A wide range of pupil activities must be available for the successful use of this
type of scheme, otherwise pupils will become bored very easily.  The material
must hold their interest as much as possible, and this necessitates variety in the
demands  made.  Some  activities  suggested  by  several  authors  include  the
following:

Read pages…from such and such a book.
Copy out the diagram…
Go to the laboratory and do an experiment…
Use the wallchart… to help you answer the following questions
Go to the cassette player and listen to…
Read the article on p. … in the magazine…
View the filmstrip/set of slides…
Play the game…
Discuss with your teacher how to answer q. …
Work through the problems on p. …
Write a letter to a friend describing…
Do the following test and hand in your answers…
Use your  book  to help you complete  the  spaces in the  following
text…
and many more… use your imagination…

References on Mixed-Ability Teaching
A.S.E.  Study  Series:  no.7 (Non-streamed Science: A Teacher’s Guide);  no.10
(Non-streamed  Science:  Organisation  and  Practice);  no.14  (Resource-based
Learning in Science).
“Towards independent learning in science”, ed. Eric Green (I.L.I.S. project, c/o
Eric Green, Countesthorpe College, Winchester Road, Countesthorpe, Leicester
LE8 3PR, U.K.)
“Mixed ability groupings, theory and practice” A.V.Kelly, Harper and Row.
“Mixed ability teaching in the secondary school”, Davies and Cave, Ward Lock.
Also  many  articles  in  the  School  Science  Review:  48/702,  57/776,  51/263,
60/616, 60/346, 56/119, 50/493, 58/356 (Vol/p)

Extract from a worksheet based on ch.24, “Investigating Science”
NOTES: These worksheets are duplicated. This unit presupposes that ch.23 has
been covered  and that  Expt.24.1 has been done.  Boxed instructions are  for
recording in their science notebooks. Dotted lines done with a Gestetner tool –
neater than a solid line.
(No doubt we shall be seeing a book of worksheets from Randal’s pen in the near
future! Ed.)

LEARNING SCHEME 24 THE STRUCTURE OF ATOMS

Ch.24 of your science textbook is all about atoms and what they are made of,
and this worksheet is to help you understand and learn this work.  Follow the
instructions,  and  in  the  spaces  provided,  fill  in  the  appropriate  words  or
diagrams. Every so often you are instructed to do some work in your science
note-book. Always do this neatly and draw any diagrams carefully, using a rule
for straight lines and a compass or coin for circles. If at any stage you cannot
work out what to do next, ask your teacher for help.

1. Up to about the beginning of this century, an atom was thought of as a solid
and indestructible particle, but it is now know that atoms are composed of three
different types of particle.  Read the first three paragraphs of the chapter and
then complete the spaces in section 2 below.
2. The fact that atoms contain smaller particles was discovered by ……… and the
particles which he discovered are called…… .  What electrical  charge do these
particles carry? ………. What name is given to the part of the atom at its centre
(be sure to spell this correctly)?……… This part of the atom contains two types of
particle, one of which is electrically charged and one of which is uncharged. The
charged  particle  is  called  the  ….…  and  it  carries  a  ……..  charge,  and  the
uncharged particle is the (check the spelling)……… .
3. You have seen Expt.24.1. What is the apparatus called? …………….. The glow on
the glass of the tube is caused by streams of particles. Which type of particles are
these?………… Why is a shadow cast on the end of the tube? ………………………………
4. Read the next section of the chapter (left-hand column of p.35) to find out the
correct names to be filled into the following spaces. Atoms are so light that it
would  be  very  inconvenient  to  write  their  masses in grams.  The  mass of  a
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hydrogen atom,  for  example,  is  only  0.000000000000000000000 00166 of  a
gram! So instead of grams, atomic mass units (denoted as a.m.u.) are used. On
this scale both the …………… and the ………….. have a mass of 1 unit each, but the
……….. which is very much lighter, has a mass of only ……….. of an a.m.u. These
…………… are not found in the ………… (the name give to the part at the centre) of
the atom, but are ‘orbiting’ around it in a series of ‘shells’ (the diagram at the
start of the chapter should give you the idea.)
Now look at the table half-way down the left-hand column of the page. This table
summarises the properties of the three types of particles.
5. For your science notebook. Start a new page of your notebook and write a
suitable title for the work described. Write in the following introduction.

Atoms are made up of three different types of particle, and they differ in three
ways: their  electricNow copy in,  carefully  and neatly,  the  table  on p.35.  The
properties listed in this table have to be learned.

6.  Atomic number This is a very important number in connection with atomic
structure. Consult your textbook (p.35) and complete the sentence ‘The atomic
number of an element is the number of………… in an atom of that element’.
Now copy this definition into your science notebook.
How is the number of electrons in an atom related to the number of protons
present? ………………………………………………………………..
The two elements with the simplest atoms are those of hydrogen and helium.
What is the atomic number of (a) hydrogen? ………. and b) helium?…………….
Consult your book and find out what particles are contained in atoms of these
elements.  Then,  draw  diagrams,  showing  the  structure  of  atoms  of  these
elements, into your notebook.etc. (This unit continues. If you are interested I am
sure Randal will send you copies of full units on request.)

HOW BIG IS A MOLE? Make up models to illustrate molar volumes for different
elements or compounds, or set up bottles containing 1 mole of different, common
substances e.g.

H2O      18mL NaOH 40g CaCO3 100g
C6H14 130mL

Conclusion: C6H14 molecules must be bigger than water molecules.

Or why not try the series of methane derivatives:

Diags p.7

All molecules have 5 atoms. What can you deduce?
“Chlorine atoms must be larger than hydrogen atoms.”

Or compare the two forms (allotropes) of carbon:
Graphite:            5·3mL                           Diamond: 3·4mL
              Density = 2·25g mL-1             Density = 3·53g mL-1

How can graphite be converted to diamond? By applying pressure (squeezing it
to reduce the volume, see Chemistry in Action no.2) – most pupils can now see
the reason for this.
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Or volume changes for gas —› liquid
Liquid water: 18mL —› Steam: 22400mL (at STP)

Make a model (a cube 28·2cm each side, see Chemistry in Action no.2, p.8) to
show the volume of 1 mole of an ideal gas at STP.
What can we say about a vapour? The molecules must be further apart than in a
liquid i.e. Cube Root of (22400/1) approximately = 12x further apart.

What happens in a reaction
Have  a  set  of  labelled bottles containing 1 mole  of  different  substances and
illustrate what happens in a chemical reaction:
1 mole CaCO3 on heating gives 1 mole CaO + 1 mole CO2
               100g                                         56g                 44g
                                                                                       22·4L

A useful endothermic reaction
Add 12·6g of sodium hydrogencarbonate (NaHCO3) to a solution of 10·5g of citric
acid in about 50mL of water. The temperature drops by 15-20ºC.
(This can also be done effectively by making a solid mixture with the quantities
above – equivalent amounts – and adding water. It fizzes and the temperature
drops  markedly  –  since  the  solution  and  reaction  are  both  endothermic
processes. Is this reaction familiar? It ought to be – the mixture is SHERBET!
Ed.)

The ‘Old Nassau’ Reaction
This reaction gets its name from Nassau Hall of Princeton University, which was
the first undergraduate chemistry laboratory in the world. It involves a series of
redox reactions and the chemistry is rather complex, but colourful!

Prepare the following solutions:
A – 15g potassium iodate(V), KIO3, per litre
B – 15g sodium hydrogensulphate(IV), NaHSO3, (bisulphite) + 3g starch per litre
C – 3g mercury(II) chloride, HgCl2, per litre

Experiments:
1. Mix equal volumes of A & B: time the appearance of the end-point.
2. Mix equal volumes of A & B, and then dilute to twice, three times the volume
etc. and time the appearance of the end-point.
3. Mix equal volumes of C + B + A, in that order, and time the appearance of the
end-points.
4. Find out how the rate depends on the concentration of each reagent.
5. Try (!) and explain what’s going on.

Temperature and reaction rate
This colourful reaction (pink to green to pink) is an example of a catalyst forming
an intermediate complex. It can also be used to show the effect that temperature
has on a reaction.

In a 250mL beaker, mix 20mL of 6% (20 volume) hydrogen peroxide, 5mL of
0·2M cobalt (II) chloride and 25mL of water. Heat to the desired temperature. In
the meantime, weigh out 3·0g of potassium sodium tartarate (Rochelle salts).

When the reaction temperature is reached, remove the beaker from the heat
and add the weighed amount of tartarate. Stir to mix the contents. Start timing
from the addition of the solid. The solution will turn from pink to green as the
cobalt catalyst forms a complex. Much bubbling occurs and finally the solution
returns to pink as the cobalt ion is released. Take the time when the pink colour
reappears.
N.B. wear safety glasses.

Sample results: Temperature/ºC  50 60 70 80 90
                          Reaction time/s 205 90 40 19 13
(The pink colour is due to the hydrated cobalt(II) ion and the green colour is
presumably due to the tartarate complex, which is destroyed at the end of the
reaction by oxidation.
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The Role of Analytical Chemistry in Industry & Environment
D.M.Carroll, I.I.R.S., Ballymun Road, Dublin 9

INTRODUCTION
The properties of every substance, from the air we breathe to the vast range of materials and
products which we use in our business and private lives are directly or indirectly a function of
chemical composition. These properties are influenced for better or worse, by the presence or
absence of one or more chemical species, sometimes at concentration levels which are barely
detectable. An adverse effect on properties may, in some situations, be a matter of inconvenience
to the user of a product or material; in other circumstances however the consequences may be
more serious, resulting in injury or even loss of life, not merely to the user but to those around
him. Consider the consequences of the failure in flight of a vital component in an aircraft,  the
contamination of a foodstuff with a toxic metal or  compound,  or  the presence of even a few
milligrams of asbestos per cubic meter in the air we breathe.

Chemical composition however is not just associated with risk of injury. The commercial value of
virtually  all  materials  and many  products is  related  to  their  content  of  intrinsically  valuable
substances (e.g.  a  precious metal)  or  to  their  suitability  for  the  purpose  for  which they  are
intended and this almost invariably is a function of how closely they adhere to a compositional
specification.

It is obvious therefore that chemical composition in many instances decides the value of products
and materials which form the basis of national and international trade. As a consequence, it is not
surprising  that  there  are  more  government  regulations,  standard  specifications  and  trading
agreements associated with chemical composition than all other properties put together.  They
would have little meaning however if composition could not be established conveniently and to a
degree of reliability satisfactory to all the parties concerned. It is here that analytical chemistry
plays its role.

WHAT IS ANALYTICAL CHEMISTRY?

It is a well established scientific principle that one should, when discussing a subject, define ones
terms and ‘analytical chemistry’ should not be treated any differently. There is a slight problem
however because, despite the tens of thousands of persons throughout the world who would claim
to be analytical chemists, the profession as a whole has shown a marked reluctance to define
itself, principally because it is felt that any formal definition would be either too restrictive or too
broad to be meaningful. A definition which, it is suggested, would seem to describe the major part
of the spectrum of activities which are covered by the term analytical chemistry could be written
as follows:

‘Analytical chemistry is the science concerned with the systematic identification or characterisation
of established chemical species and their determination to known degrees of certainty at any level
of concentration and in any matrix in which they may occur’.

Two points in the  definition merit  comment.  Firstly,  the  analytical  chemist  is concerned with
established chemical species; it is not his function to determine the structure of hitherto unknown
compounds and secondly,  the  scope  of analytical  chemistry  extends well  beyond establishing
composition on an elemental basis. In practice, the analytical chemist must differentiate between
elements in free and ionic form, between valence states, between complexed and uncomplexed
metals, between stereoisomers and between phases in complex mixtures.

Table 1 gives some examples of the latter point and also illustrates the importance of being able
to distinguish between the different forms in which elements can be found.
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THE DEVELOPMENT OF ANALYTICAL CHEMISTRY
Analytical chemistry has been practiced in crude form from ancient times but began to develop as
an  objective  exercise  during  the  17th  century.  Table  2  lists  some  of  the  milestones  in  its
development.  For  those interested in historical aspects of the subject,  references 1 – 4 are a
selection of the literature on the history of analytical chemistry.

Throughout the 17th, 18th, and 19th centuries, analytical chemistry was largely empirical, relying
on experimental data which was not explained by theory. It was only from the beginning of this
century however that theories of solution chemistry, atomic structure, spectroscopy, etc. began
to offer theoretical explanations for established analytical procedures and show the way for the
development  of  others.  Over  the  centuries,  analytical  chemistry  in  fact  developed alongside
chemistry as a whole and there was little distinction between the two. During this period Irish
chemists played their part and some of the more important names are given in Table 3. For more
information on the Irish connection, two excellent reviews have been published (5, 6).

In  this  century,  analytical  chemistry,  like  most  other  areas  of  science  and  technology,  has
expanded at a rate that would have been incomprehensible to previous generations. For the most
part the theory of present day techniques developed ahead of the hardware. For example, the
principle of atomic absorption was known around the turn of the century but had to await the
development  of  the  hollow  cathode  lamp  and  photomultiplier  tubes  to  become  a  practical
proposition. Likewise, an Ag/AgCl ion selective electrode was described in 1937 but it was not
until 1966 that one was built using silicone polymers which were not available in 1937.

The  development  of analytical  chemistry  in terms of  output  of  analytical  data  has increased
almost exponentially since the war. This is largely due to increasing demand by a more informed
society  for  more  stringent  control  in the  areas such as the  environment,  health and safety,
consumer protection etc.  and the increased sophistication of the  materials and manufacturing
techniques used in industry. This demand has led to a large increase in the amount of research
being carried out in analytical chemistry; in fact this area has the most rapidly developing output
of research literature of all the sciences, including chemistry as a whole. This is demonstrated by
the data on ‘doubling time’ for scientific literature which is given in table 4. In keeping with other
areas of technology, the output of analytical data has been greatly facilitated by the automation
made possible by the developments in the area of microelectronics.

TABLE 2 SOME MILESTONES IN ANALYTICAL CHEMISTRY
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1650 - Use of H2S
- Study of acid base indicators

1750 - First titrations (gravimetric)
- First use of graduated burette
- First C, H analysis by combustion
- Detection of Cu by electrolysis (1800)

1800 - Start of emission spectroscopy
- Improvement in C, H analysis
- Dumas method for nitrogen
- Hardness of water

1850 - Ag/Cl titration improved
- Methyl orange and phenolphthalein
- Kjeldahl method for nitrogen
- Emission spectroscopy firmly established
- Beer-Lambert law
- Nernst equation
- Food and Drugs Acts 1860 and 1875
- appointment of public analysts

1900 - Theoretical basis of past and much of
present day Analytical Chemistry established

1950 Big developments in instrumental methods of
analysis including automation

1980  

EDUCATION IN ANALYTICAL CHEMISTRY
Universities and other educational establishments have responded to the need for persons trained
in analytical chemistry by establishing formal facilities for teaching the subject. Today in almost
every country in the world there are a number of universities with formal lectureships, chairs and
even whole departments devoted to analytical chemistry.  Table 5 shows a comparison of the
position  in  1980  with  that  in  1960  with  regard  to  the  teaching  of  analytical  chemistry  in
universities in the United States. Of significance is the increase in the number of PhDs, both in
absolute terms and as a percentage of the total.

In Northern Ireland there is a long established chair of analytical chemistry at Queen’s University
Belfast but in the Republic universities were slow to respond to the increasing need for training in
the subject. Recently however a lectureship in analytical chemistry was established in University
College Cork and M.Sc.  and PhD course will  soon commence there.  It should be pointed out
however that, in contrast to the universities, the technological colleges particularly the Regional
Technical  Colleges,  responded  actively  to  the  need  for  training  in  analytical  chemistry  at
technician level.

In Europe the situation varies from one country to another but in all there are facilities for the
teaching of analytical chemistry and research in universities and colleges of technology. For those
interested in the situation in Europe, the proceedings of a special session of education in analytical
chemistry held during Euroanalysis III in Dublin in 1978 provides a comprehensive review (8).

TABLE 3 SOME IRISH ANALYTICAL CHEMISTS

Robert Boyle (1627-1691)
First to use the term ‘chemical analysis’
First to use H2S in analysis
First to study plant extracts and to use cuprammine ion as acid/base indicators

Richard Kirwan (1733-1812)
Used ferrocyanide to determine iron
Published book on the analysis of mineral waters

James Emerson Reynolds (1844-1920)
Prof. of analytical chemistry at RDS
Published on the analysis of phosphate fertilizers and on the valuation of manganese ores
First to introduce quantitative analysis into Irish training course for chemists

Charles A.Cameron (1830-1921)
First public analyst in Ireland – third in British Empire
Published on the analysis of milk water and food.
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TABLE 4 DOUBLING TIME FOR TECHNICAL LITERATURE (7)

 Years

Analytical Chemistry 13.9

Chemistry Total 14.5

Biology 16

Physics 19

Electrical Eng. 20

Psychology 25

ROLE OF ANALYTICAL CHEMISTRY IN INDUSTRY
A simplified flow chart for any industrial process would be as shown in Figure 1. This represents
three basic stages – the intake of raw material, its conversion to product in whatever process is
involved and the dispatch of the product to the customer. The role of the analytical chemist in the
quality control function with regard to raw material and finished product is well known but in fact
it goes well beyond this.

A more realistic picture of an industrial process is given in Figure 2 which shows the many areas
other than simple quality control in which analytical chemists are involved. This involvement need
not necessarily be solely by in-house analytical chemists; in some cases, persons external to the
organisation will have a voluntary or statutory role to play in the overall process. For example,
the 1955 Factories Act (9) and the many regulations made under it authorises inspectors from the
Department of Labour to examine certain industries which use or produce toxic or dangerous
materials  such  as  asbestos,  silica  dusts,  benzene,  lead  fumes,  etc.  The  inspection  normally
includes the taking and analysis of samples of factory atmospheres, materials in use and even the
monitoring of the level of toxic substances in the body fluids of workers. Similarly, not only the
company’s own analytical chemists but those from external agencies such as the Departments of
the Environment and Health, An Foras Forbatha and the IIRS may be involved in monitoring the
disposal of gaseous liquid and solid waste created in the process.

The increasing cost of raw materials has led to an increased amount of recycling and it will be the
responsibility of the analytical chemist to ensure that the quality of the recycled waste is suitable
for reprocessing.

Packaging is an extremely  important  part  of  any  industrial  process and in recent  years has
developed into an industry in its own right. Packaging materials serve a number of functions the
most important of which are to preserve product quality for a specified period – the ‘shelf life’, to
protect the product from physical damage while in transit or on display and to increase customer
appeal. Some of these functions may be in conflict. For example, with certain foodstuffs, brightly
printed wrappers may attract potential customers but unevaporated ink solvent residues can taint
the product.  Some food packaging materials are controlled by law to ensure that they do not
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transfer toxic substances to the foodstuff. A recent example of this is an EEC Directive which limits
the level of vinyl chloride monomer which may be in Food Packaging materials (10).

TABLE 5 ANALYTICAL CHEMISTRY IN U.S. UNIVERSITIES (21) 1960 1980

No. of PhD granting Departments 125 184

No. of ‘analytical’ faculty members 244 424

% of total faculty 10.4 10.8

PhDs per annum in analytical chemistry 55 182

% of total PhDs in chemistry 5 11.9

It is necessary therefore for packaging materials to be monitored for functional suitability and for
safety reasons in certain instances.

It is not intended to discuss the analytical chemist’s role in product development and trouble
shooting in the plant itself but in each of these areas he has an important support function to other
scientists and technologists.

An area in which the analytical chemist has an important, if often unrecognised involvement, is in
the  semi-commercial  area  of  product  specification:  changes  to  meet  customer  needs  and
customer complaints involving no compliance with specification, unsuitability of the product for his
needs,  contamination  of  the  product,  etc.  Disputes  between customer  and  supplier  may  be
resolved  by  negotiation  but  in  many  cases  they  can lead  to  litigation  and  involve  ‘referee’
analyses by independent analytical laboratories. In these cases therefore analytical chemists may
find themselves involved in all  the intrigue of litigation and their  results being instrumental in
deciding the outcome of disputes involving thousands and even millions of pounds. A very high
degree of professional and scientific integrity must be exercised in situations such as this.

FOOD INDUSTRY
By way of example, special mention will be made of the role of analytical chemistry in the food
industry. This is appropriate for two reasons. Firstly, it is in the area of food quality that the first
legislation  involving  analytical  chemistry  was  enacted  and  secondly,  food  production  and
processing is our major industry.

Prior to 1860 the adulteration of food was widespread. Sometimes it involved the addition of non
nutritional  materials (e.g.  water  to milk) but in other  cases toxic substances were  used.  For
example  compounds of lead,  arsenic and mercury  were used to enhance customer appeal  of
confectionery! (11, 12). In response to this situation, anti-adulteration legislation was introduced
in 1860 and 1875 (the 1875 act is still in force) and other legislation followed over the years.
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To-day, a whole series of regulations are in force controlling the use of additives and colours,
permissible levels of contaminants such as toxic metals, pesticides, hormones, mycotoxins, etc.
(see table 7) (11).

A significant development in the field of analytical chemistry was the establishment of the office of
the ‘Public Analyst’  in 1860 (11, 12).  Dublin incidently was the third city in the British Empire
(after London and Birmingham) to appoint a Public Analyst (in 1862). This was in recognition that
legislation controlling the composition of food was meaningless without the necessary mechanism
of monitoring it. Each year, following the appointment of the Public Analyst, there were dozens of
convictions in the Dublin Courts under the 1860 and later the 1875 acts. An interesting feature of
law at that time was the power of a magistrate to order the convicted shopkeeper to publicise his
conviction at his own expense by way of a newspaper advertisement. For example, the following
advertisement appeared on the front page of the Irish Times of 27th February, 1972:

Adulteration of milk

At the Northern Police Court on Saturday, 17th February 1872, John Doyle,  Dairyman, of 127
Dorset Street was fined five pounds for selling milk adulterated with 50% water.

Poor Mr Doyle had to pay not merely the fine but also the cost of the advertisement. Perhaps
there is a lesson for our present day legislators!

To-day foodstuffs are analysed for purposes of

Checking compliance with legal requirements,
Checking compliance with customer specification,
Deciding the value of purchased raw materials, e.g. milk, sugar beet, grain, etc.

Most food processing plants will have the facilities for routine analysis of the foods which they
process and a number of commercial laboratories offer services for this type of analysis. Some
examples of  what  might  be  described as ‘routine’  analyses are  given in Table  6.  The  more
complex analysis of foodstuffs for contaminants, particularly at trace level (PPM to PPB), may be
carried out by the larger processors but is more likely to be done by the Public Analysts, the State
Laboratory, An Foras Taluntais, the Department of Agriculture and the IIRS. A list of some of the
contaminants of significance is given in Table  7.  For  those  interested in a  review of modern
methods of food analysis, reference 13 is recommended.

TABLE 6 SOME EXAMPLES OF ROUTINE FOOD ANALYSES

Milk Fat, non fatty solids, antibiotics

Meat Products Moisture, ash, protein, collagen

Cooking Oils Saponification,  free  fatty  acids,  fatty  acid
distribution

Alcoholic Beverages Proof content, solids, sugars, etc., SO2

Composite Foods Moisture, ash, protein, fibre, carbohydrate,
minerals, vitamins, preservatives

TABLE 7 SOME CONTAMINANTS IN FOOD

Arsenic
Asbestos
Artificial colours
Heavy metals (Pb, Cd, Hg)
Hormones
Mycotoxins
n-Nitroso compounds
Pesticides
Polycyclic aromatic hydrocarbons
Vinyl chloride monomer
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INDUSTRIAL PROCESS SHOWING INVOLVEMENT OF ANALYTICAL CHEMISTS

THE ROLE OF ANALYTICAL CHEMISTRY IN THE ENVIRONMENT
Over the past ten years here has been a dramatic increase in public awareness in this country of
the need for environmental protection. This has led to a number of direct and indirect actions by
the authorities to ensure that at least all new industry and as far as possible old industry would
comply with acceptable standards with regard to their discharge of gaseous, liquid and solid waste
and  their  handling  of  dangerous  substances.  Some  controls  are  achieved  through  direct
legislation, others through conditions attached (a) by local authorities to the granting of planning
applications and (b) to the awarding of IDA grants.

In all  areas of environmental protection,  the analytical chemist is intimately involved because
almost every control or regulation relates to permissible concentration levels of substances which
may be present in discharges,  effluents,  etc.  Their  analysis is therefore a prerequisite to the
effective implementation of those controls and regulations.

Broadly  speaking,  the  environment  can be  divided into  two areas – the  environment  of  the
workplace  (usually,  though  not  always,  indoors)  and  the  general  external  urban  or  rural
environment. Each has its own requirements and these will be discussed in the following sections.
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THE WORK PLACE
There are three main areas of risk to workers from the use of chemicals. These are (a) direct
contact with toxic, carcinogenic or corrosive chemicals, (b) risk of explosion, and (c) inhalation of
airborne chemicals and dusts. Situation (a) requires negligible input from the analytical chemist;
where the hazards associated with a chemical are known, a responsible management will provide
protective clothing and training for operators and emergency facilities for dealing with accidents.

The  prevention  of  explosions  requires  the  monitoring  of  factory  atmospheres  for  explosive
vapours  but  this  is  usually  done  by  non-analytical  chemists  using  portable  easy  to  operate
‘explosimeters’. These mainly operate on variations of the one principle whereby the atmosphere
is drawn across a catalytically coated filament (or other device such as a pellister) and ignited. As
a result, the filament temperature increases causing a change in its electrical resistance which is
measured by making it part of a Wheatstone Bridge arrangement. The devices are calibrated to
record (or alarm) when the atmosphere contains a flammable vapour approaching or in excess of
its lower explosive limit (the lowest concentration which will sustain combustion). Examples of
flash  points  and  lower  and  upper  explosive  limits  are  given  in  Table  8  for  some  common
substances.

In some industries there is a legal requirement for a ‘Naked Light Certificate’ to be issued before
‘hot work’ (e.g. welding) can take place in certain areas. An example of this would be the carrying
out of repairs to a tanker used for carrying petroleum products.

The  third situation which requires the  monitoring of airborne  vapours and dusts involves the
analytical  chemist  to  a  greater  degree.  Most  common chemicals  used  in  industry  are  rated
according to what is known as their “Threshold Limit Value” or “TLV” (14) which may be loosely
described as the maximum concentration of a dust, gas or vapour to which a worker should be
exposed over a normal working shift. Exposures to levels at or below the TLV, on the basis of
present  knowledge,  are  not  known  to  cause  ill  effect  except  in  the  case  of  allergy  or
hypersensitivity. The TLVs most commonly used are those published by an American group of
government industrial hygienists (14) and these form the basis of the controls exercised by the
department of Labour Factory Inspectorate in implementing the 1955 Factories Act and its many
regulations. A list of TLVs for a number of substances are given in Table 9. The methods used to
monitor factory atmospheres vary from simple hand operated pumps which draw air through an
indicator  tube  (rather  like  the  breathanalyser)  to  portable  infra-red  analysers.  Gas
chromatographic analysis of gases and vapours isolated in a variety of ways (such as absorption
onto charcoal) is common in ‘one-off’ situations. Dusts are usually absorbed on membrane filters.
Small battery operated ‘personal monitors’ are frequently worn by certain workers to measure
actual inhaled levels rather than average concentrations for the whole work area.
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Pressure  from  trade  unions,  legislation  and  a  sense  of  responsibility  on  the  part  of  some
employers has led to an increased amount of surveillance of factory atmospheres.

ETERNAL ENVIRONMENT
All new factories which received IDA assistance are required to meet minimum environmental
standards set down by local planning authorities and the IDA itself on the recommendations of the
IIRS. This applies to both air and water borne effluents. Legislation has also been introduced to
protect the atmosphere and our lakes and rivers from pollution from whatever source it may
arise.

AIR QUALITY
The oldest legislations in Ireland relating to the emission of harmful vapours is the Alkalie Act
(1906), and this is still in force. Under it, a government appointed Alkali Inspector can set limits
for  the emission of acidic and other substances for scheduled industries.  He is empowered to
monitor the emissions and, if necessary, close down a plant which does not adhere to the limits
he has set. It should be pointed out however that those powers are not frequently used. The only
other national legislation relating to air quality are regulations, dealing mainly with the emission
of black smoke, which were introduced in 1970 (15). A 1980 EEC directive on health protection
standards for SO2 and particulate matter will, in due course, be absorbed into Irish law.

Other factors indirectly affecting air quality are the control of potential pollutants, e.g. lead in
petrol  and  sulphur  in  gas/diesel  oil  and  the  occasional  private  legal  actions  taken  against
companies who cause pollution of the atmosphere.

Analytical techniques used to monitor air quality vary greatly and range from simple absorbers to
sophisticated gas chromatographic and spectroscopic techniques (18).  Sulphur  dioxide  can be
simply measured by bubbling it through a solution of hydrogen peroxide (which converts it to
H2SO4) and measuring the acidity produced. On the other hand, the measurement of air-borne
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asbestos at ambient levels (about 10-9 gr/m3) requires a sophisticated and tedious procedure
using  a  Transmission  Electron  Microscope  (19).  Automated  procedures  for  measuring  many
pollutants  have  been  developed  for  continuous  operation  at  unattended  monitoring  stations.
Analytical research is continually going on to improve the detection limits reliability and ease of
operation of the procedures used to monitor air quality.

WATER
Water, which is usually taken for granted, has a major part to play in determining the quality of
our lives.  Apart from that which we drink,  it has a major amenity role and is used as a raw
material in virtually every industrial process.

The discharge of unwanted waste by way of aqueous solution or suspension into sewers, rivers
and lakes traditionally provided industry with the most convenient means for its disposal.  The
damage done to rivers and lakes in countries where industries developed in a haphazard and
uncontrolled  way  during  the  industrial  revolution  bears  ample  testimony  to  this.  Ireland  is
fortunate in that pollution of rivers and lakes is relatively rare and legislation introduced in 1977 is
aimed at maintaining this situation (16). A number of EEC directives also are aimed at ensuring
minimum standards for surface waters used for drinking purposes and bathing waters and these
will in time become part of our national legislation.

A number of agencies are involved in various aspects of monitoring water quality including the
Public Analysts, Local Authorities, An Foras Forbatha, IIRS, the Department of Fisheries, private
analysts and industry’s own laboratories.

From an analytical point of view, routine water analysis is relatively uncomplicated and except
where sample numbers necessitate automation, simple equipment and a minimum of expertise is
required (See Table 10) (20). More complex procedures such as gas chromatography are required
however  to deal  with pollutants such as pesticide residues or  polycyclic aromatic compounds.
Larger  water  laboratories use  autoanalysers to deal  with the throughput of large numbers of
samples.

Sampling is an important part of water analysis,  particularly in carrying out surveys of rivers,
lakes and tidal estuaries. Due account must be taken of river flows, tidal currents and still water
areas in assessing where to sample and how to interpret results.

CONCLUSION
In this article, an attempt has been made to highlight the multi aspect role of analytical chemistry
in industry and the environment. The need for analytical chemistry stems from the necessity to
quantify chemical composition for purposes of process and quality control and the implementation
of  legislation.  It  is  not  surprising  therefore  that  more  graduate  chemists  are  involved  with
analytical chemistry in their working careers than all other aspects of the subject. This was shown
in a survey carried out in 1974 (17) and while the data is admittedly out of date there is no
indication that the trend has altered in the meantime.

It  can be seen that analytical  chemistry,  unlike  other  branches of the  subject,  is very  much
involved with the everyday functioning of our society, whether it be in facilitating trade or in the
implementation of legislation. More often than not, the analytical chemist in these situations will
be  dealing  with  non-scientific  persons  such  as  lawyers,  judges,  legislators,  civil  servants,
purchasing  managers,  etc.  Apart  therefore  from  technical  competence,  he  must  be  able  to
communicate with those outside his own profession.  Often this is not easy.  Concepts such as
‘detection limit’  or  the  statistical  tolerances  associated  with  results  obtained  by  a  particular
procedure can present amazing difficulties,  particularly  when the outcome of a dispute or  the
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value of a shipment of goods may depend on them.
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“Scientific literature rides the caboose on the train of science”
Nature editorial 24/4/81

“I think it was in a course in quantitative chemical analysis that an appreciation of the scientific
method and its rigours began really to take hold of me…
There were no short cuts to beat clear thinking, careful technique and endless patience. Later on,
I found that the same unnatural methods are always required in those activities commonly called
‘research’”.
Robert S.Mulliken
Nobel Literature in Chemistry, 1966

 

The Role of Analytical Chemistry in Industry & Environment http://www3.ul.ie/~childsp/CinA/cina4/TOC5_Analytical.htm

12 of 12 24/01/2012 09:33



DISCUSSION Day 1

Most attention was given to the first question:
“How best to organise practical chemistry?”
The following points were made:

1.  Chemistry  without  practical  work  is  unthinkable.  All  practicals  have  some
value – even the failures!

2. Pressures of time and timetabling problems tend to push out practical work.
The  constraints  of  the  examination  (the  “points”  race)  and  the  overloaded
syllabus were cited as reasons for lack of time for practicals.

3.  Safety  can  be  a  problem  with  inexperienced  teachers  and  large  classes.
Ignorance  and  fear  lead  to  teachers  using  safety  as  an  excuse  to  abandon
practical work.

4.  The  deficiencies  of  teacher  training  were  mentioned  as  a  major  factor:
teachers  are  not  equipped  to  organise  practicals,  are  unfamiliar  with  school
experiments and apparatus, and consequently lack confidence. It was mentioned
that new teachers are as badly trained now as 20 years ago!

5. More opportunities for in-service training need to be provided to help teachers
become competent and confident in the laboratory.

6. Lack in preparation time, cleaning-up time, inadequate preparation facilities,
and no  technical  assistance  are  important  factors discouraging teachers from
practical work.

7. It is possible to do well in the examination without practical work, so why do
it? Both teachers and pupils use this argument.

8.  More  help for  the  young teacher  is  needed e.g.  a  laboratory  manual,  on
organising a laboratory, running practicals etc.

9.  Other problems mentioned were: not enough equipment to go round large
sets; problem of relating theory and practical; laboratory discipline is often found
boring by pupils.

10.  Practical  work  must  carry  some weight in the  assessment to  achieve  its
proper status in the course.

The second question was only discussed (briefly) by one group:
“The social relevance of chemistry teaching”
1. It was felt that the applications of chemistry in society were important and
should be included.

2.  It  is likely  that the  new syllabus will  take account of this aspect to some
extent.

3. Applications of chemistry have to be integrated with the theory to be relevant
and meaningful not as a separate section.
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Presentation

Some  views of  the  reception  held  before  the  presentation  of  the  Institute  of
Chemistry’s gold medal
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PRESENTATION BY THE INSTITUTE OF CHEMISTRY OF IRELAND OF ITS GOLD
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MEDAL TO THE STUDENT WHO GAINED FIRST PLACE IN CHEMISTRY IN THE 1980
LEAVING CERTIFICATE EXAMINATION

Address by Mr.Desmond M.Fitzgerald (President, Institute of Chemistry of Ireland)
at  the  Presentation  Ceremony  in  the  Royal  College  of  Surgeons,  Dublin,  on
Monday, 5th January, 1981.

Most of you will be aware that, for many years past, the Institute of Chemistry of
Ireland has awarded a Gold Medal to the student who obtains first place in Ireland
in the Leaving Certificate examination in Chemistry. It is particularly fitting that
this award should be  made  in the  presence  of  the  Science  Teachers who  are
attending the annual Teachers’ Refresher Course in Chemistry which is organised
by our Institute. I say this not only for the obvious reason (i.e. in recognition of
the  contribution  which  the  teacher  makes  to  the  quality  of  the  student’s
performance in examinations) but also because I know from personal experience
that a school Chemistry teacher who has a real enthusiasm for the subject, and
who  has  the  ability  to  present  it  to  students  in  an  exciting  and  imaginative
manner, can have a substantial influence on their final choice of a career. In my
own case, an embryonic and uninformed interest in Chemistry at the age of 12 or
13 was nurtured and crystallised in the 1940s by successive exposure to two very
fine  Chemistry  teachers  in  CBS  Drogheda  (Mr  Hill  and  Mr  Sexton),  and  was
subsequently  channelled  towards  the  chemical  manufacturing  industry  through
some personal friendships which I formed, as a schoolboy, with graduate chemists
and laboratory technicians who worked in various factories in Drogheda.  These
formative influences led me to pursue an Honours Degree in Chemistry in UCD,
and subsequently to a varied,  exciting and wide-ranging career in the chemical
manufacturing industry, first in the U.K. and later in Ireland. I now work for the
Federation of Irish Chemical Industries, which is the representative body for the
chemical, pharmaceutical, health-care and related sectors of industry in Ireland –
a part of Irish industry which now contributes more than IR£500 million/year to
our export earnings, and which employs over 10,000 people.

The young chemist who chooses a  career  in the  chemical  industry  has a  wide
range  of  options  for  personal  development  and  advancement,  especially  if
employed  by  one  of  the  larger  companies,  and  it  is  important  that  this  be
understood both by teachers and by students. During my own career of 28 years in
ICI and later in Ceimici Teoranta,  I  worked successively in analytical research,
quality  control,  new-product  development,  market  research,  project  analysis,
technical service and marketing. In each of these functions, I learned new skills
which were  directly  relevant to  the  job,  but  which were  not part  of my basic
university course in Chemistry. This simply illustrates the well-known fact that the
learning process, and the teaching process, do not end with the Leaving Certificate
or with the University Degree,  but continue – mostly  in a less formal and less
intensive manner – throughout one’s working life.

Both the Institute of Chemistry of Ireland and the Federation of Irish Chemical
Industries would like to see many more youngsters taking Chemistry as a subject
at  Leaving  Certificate  level.  We  are  also  concerned  at  the  inadequacy  of  the
facilities which exist for practical work in chemistry in many Irish schools. School-
leavers with Leaving Certificate in Chemistry, but who have little or no experience
of using even the simplest and most basic pieces of laboratory equipment, are at a
definite disadvantage when they commence a third-level course in Chemistry, and
even more so if they go direct from school into a commercial laboratory.

In view of the meteoric growth of chemistry-based industries in Ireland over the
past 10 – 15 years, and of their enormous contributions both to employment and
to  exports,  I  feel  that  the  Leaving Certificate  curricula  in Irish schools should
include two new “socially-related” elements viz:
(a) a general appreciation of the various types of chemistry-based industry which
now exist  in Ireland,  and of  the  nature  of  the  technologies which they  use  –
illustrated by visits to local manufacturing plants whenever possible;
(b) a review of the social and economic contributions which chemistry has made to
the material standards of modern life, and a fair and candid analysis of the balance
of advantage versus risk which results from the practical application of chemistry
and the operations of chemical industry.

It is now my pleasant task to present the Institute’s Gold Medal for 1980 to Miss
Eithne  McCabe,  who  learned  her  Chemistry  at  the  Holy  Family  Post-Primary
School in Droichead Nua. I am happy to do so in the presence of her parents, her
Headmistress and her Science Teacher, all of whom will have played a part in her
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great achievement in gaining First Place in Ireland in last year’s Leaving Certificate
examination in Chemistry. Some of the most brilliant chemists I have ever known
were women – one of whom (Professor Eva Philbin) has recently retired after a
long  career  as  Professor  of  Organic  Chemistry  in  UCD.  The  profession  of
Chemistry,  at all  levels,  is open to women,  not only in academic and teaching
roles but also in various aspects of industry.  On behalf of the Institute,  and of
everyone  present  to-day,  I  wish Eithne  McCabe  success and happiness in  her
future career.
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Careers in the Chemical Industry
Maurice Clarke, AnCO, 27-33 Uppr. Baggot St., Dublin 4.

The Training Advisory Services of AnCO – The Industrial Training Authority – have a responsibility
nationally  for  the  training of staff at all  levels within industry,  both existing,  new and expanding
industry. From my experience within the Chemical industry I will try and give you a word picture of
the industry with particular emphasis to career potential.  Although the industry employs people in
nearly every discipline, I will concentrate mainly on Chemistry as a career opportunity.

What is the Chemical Industry in Ireland to-day?

Without  it  being generally  appreciated,  this industry  has become  one  of  our  most  valuable  and
important  industries.  In just  over  a  decade,  the  value  of  the  exports for  the  Chemical  & Allied
Products  Industry  has  arisen  from  a  few  million  pounds  to  nearly  £500,000,000.  To  put  this
achievement in context,  a few weeks ago Bord Failte announced that the expected revenue from
tourism for last year would be £540,000,000. The day is not far off where this industry will exceed
tourism as a foreign revenue earner.

In the midst of a major world recession, the industry has retained a remarkable degree of stability,
that is contributing substantially to our nation, at a time that it is most needed.

The main manufacturing activities of the Chemical & Allied Products Industry are:

Chemicals
Plastics
Pharmaceuticals / Drugs
Fertilizers
Oil Gas
Health Care
Synthetic Fibres
Rubber

The type of products manufactured are:
Adhesives;  Aerosols;  Candles;  Chemicals;  Cosmetics  and  Toiletries;  Detergents  and  Soaps;
Diamonds; Drugs and Medicines; Explosives; Fertilizers; Film and Sound processing; Gas,  Oil  and
Petroleum Products; Glass; Inks; Paints; Perfumes; Polishes; Rodent and Pest prevention; Plastics;
Rubber and Fibres.

The geographical distribution of the industry is nationwide as shown in Table 1.

These figures are the position as of August 1980, which is constantly changing. They are intended as
an indication of the geographical spread only.

The following Table is an illustration of the spread of firms, again it is an indication only.
The total employment figure varies depending on the definition of what constitutes the Chemical &
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Allied Products Industry. On the basis of the above activities it is approx. 33,000 people.

Of the individual activities, the largest employment sector, is the Plastics Industry, with approx. 8,000
people.

This is a growth industry. Over the last five years, there has been a steady growth in employment of
around 1,000 new jobs per year. There is every indication that this growth rate will continue.

People tend to look at certain new projects that catch the public eye, like Aughinish Alumina plant
near Foynes, with an expected employment at production of 800 people, as if it were unique. There
are at least two other new projects, which are larger in terms of total employment. Also, we hear
little of the many new factories employing lesser numbers.

Just look at Travenol Laboratories, Co.Mayo which started in 1973 with 300, then expanded to 450, to
600, to 1,000 and has continued to expand until now it has nearly 2,000 employees. It is not unique.

The growth rate for all industry for new firms established up to 1979 is over 700 firms. Of these 230
were U.S. firms, 180 U.K. firms and 100 German. The Japanese investment here is the largest in any
E.E.C. country.

Existing industry is expanding. Apart from new industry there is a steady growth of job creation there.
Lately much emphasis is being placed on small industry expanding. The total new jobs negotiated for
existing industry in 1979 was 20,155.

There is a substantial pool of job opportunity through normal labour turnover (LTO). LTO is something
that is common to all industry. In the Chemical industry this would amount to a few thousand a year.

Job opportunities arise from:

(1) New industry
(2) Existing industry expanding
(3) L.T.O.

and this amounts to a few thousand per year.

The starting point for students taking Chemistry is the Intermediate Examination course, then Leaving
Certificate and 3rd level. Students may leave at any point on this progression.

Most see Chemistry as an employment potential only if one has a degree, and preferably a higher
degree. In fact to most, research and teaching are seen as the most commonly known outlets.

The number of students who sit for Chemistry in the Leaving Certificate Examination each year is
approx.  6,000,  with  less  than  half  taking  the  pass  examination.  Of  these  students,  there  are
indications that a very large number do not go on for 3rd level Education.

Those  who  do  seek  employment  are  not  always  aware  of  the  resource  they  have  from  their
Chemistry, when seeking employment.

Employment for Graduates with Chemistry
What  opportunities  are  there  for  employment  at  graduate  and  other  levels  and  what  does the
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Chemical Industry offer people who have no Chemistry?

The job opportunities for those who go on to third level are very wide-spread. The following are some
of the job categories that industry sees as requiring at least a Chemical,  Pharmaceutical or other
Science qualification:

Managing  Director,  Factory  Manager,  Technical  Manager,  Plant  Superintendent,  Development
Engineer,  Process  Engineer  (in  both  cases  for  conversion  courses),  Marketing  Manager,  Sales
Manager,  Personnel  Officer,  Training  Manager,  Purchasing  Manager,  Utilities  Manager,  Effluent
Analyst, Solvent Recovery, Production Pharmaceutical, Quality Manager, Laboratory Staff, Research
Assistant as technical  service  to production,  Development Chemist,  Chemical  Engineer  and many
more.

Not as many people with higher qualifications are utilised in other manufacturing industries.

Employment for non-Graduates with School Chemistry
Numerically,  there are evidently more vacancies at below graduate level.  Nearly half of the total
employment is at semi-skilled levels, which would be the point of entry of these people.

While there are problems with promotion, initial employment at these levels is not necessarily an
impediment to promotion, within industry, to positions previously held by graduates. As the shortage
of certain “skills/education levels” increases, it is opening up opportunities for people to be trained up,
within firms.

Experience  counts for  a  lot  in  industry,  when seeking promotion.  This  experience  together  with
training development is more easily obtained now. A considerable number of firms spend a lot of
money developing their staff. For example with new industry, the training and development given to
staff for most new firms for the set-up period would, on average, cost more than £1,500 per person
for wages and direct costs only. Further development is given as the firm progresses.

The whole question of development for employees is under review at present AND IT LOOKS as if our
ratification of I.L.O. convention no.140 will result in greater development being made available by
law to all employees, throughout their working life.

The role of the Laboratory is all important in the manufacturing process. It is a key area, critical to
production,  that must have speed and accuracy.  In most cases the manufacturing process cannot
proceed beyond certain stages,  without laboratory  approval.  Laboratory  Assistants are needed in
Quality Control and other types of laboratories.

The Laboratory needs:

Laboratory Assistants
Laboratory Technicians
Laboratory Technologists
apart from graduates.

There are many other openings for below graduate level. The process operator can work in any type
of flow process from petroleum products, to drugs and to food.

Jobs that require some Chemical knowledge are in manual assembly in Pharmaceuticals, in stores,
maintenance, water treatment and others.

Photo, p.17 INSERT IMAGE HERE

The  entry  point  to  the  Chemical  Industry  may  be  at  any  point  on  the  education  scale  from
Intermediate Certificate upwards.

Conditions in the Chemical Industry tend to be very good. Process Operators, on shift, would earn in
excess of £100 per week. To some this shift work would be a drawback.

Employment without Chemistry at school or above
What are the opportunities to work in the Chemical industry – for people with no Chemistry. Like all
other businesses and industry, the Chemical industry employ a full complement of other disciplines.

This industry is a good development area, as there is much contact with overseas and with other
countries’ ways of doing things. Directly through multinational or indirectly through individuals with
overseas experience.

Nearly  all  the  large  firms are  owned by  overseas companies.  There  are  exceptions.  There  is a
tendency  for  most overseas Chemical  companies to  appoint Irish people  at all  levels from Chief
Executive down. The U.S. companies are particularly good at this and this gives job opportunities at
all  levels.  There  are  many such companies,  where  the  “Irish” executives have so impressed the
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parent group that they have been promoted to overseas positions.

The number and size of the firms are given in Table 3:

The future looks promising. The present employment level is not static, with a lot of firms involved in
development over a number of years.

Just look to the level of capital investment to see the indications for continued growth. There is an
investment of over £300 million in the Shannon Estuary alone.

Natural ores and minerals are increasingly being discovered and as these mines are opened up, they
will provide raw material for further growth of the Chemical industry, if we can process them here.

We have the capability to be one of the world’s major producers of non-ferrous ore.

The supply of raw materials, especially Chemicals, to the existing manufacturing industry is growing
to such a stage that it will become increasingly more economical to make them here rather than
import.

Oil has been discovered off the west coast in commercial quantities. There are now indications that
substantial quantities are located round our coasts. The oil is in the Porcupine Basin. The Celtic Sea is
being looked at with new interest and already natural gas is being recovered from there. The Goban
Spur is especially being looked on with interest. The downstream activities should lead to another oil
refinery and/or an expansion of Whitegate. Oil will provide not only the energy for, but also the raw
material for a lot of Chemical industries. If we follow the Norwegian example we will do well.

Finally:
When considering  Chemistry  and  industry,  while  some  alterations  will  have  to  be  made  in  the
curriculum,  there  must not  be  a  dilution of educational  content but  rather  a  strengthening.  It  is
becoming more critical with rapidly changing technology that a basic educational level be reached to
cope with these changes.

Pure vs. applied: one point of view
“Scientific work must not be considered from the point of view of the direct usefulness of it. It must be
done for itself, for the beauty of science and then there is always the chance that a scientific discovery
may become, like radium, a benefit to all mankind.”
Madam Curie
(Madam Curie is one of few people to win two Nobel prizes – can you name the other people who
have won two prizes, both chemists?)
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I did it my way
Ben Sherry, Clongowes Wood College, Naas

I consider the following topics to be important in teaching Chemistry:

Encouraging curiosity
Developing the ability to observe and describe accurately (including
proportions in diagrams)
Helping pupils to  think  and reason for  themselves,  and reminding
them that scientists in the past made many errors.
Encouraging pupils to make up their own correct definitions, rather
than repeating misunderstood textbook definitions.
Trying to see things through their eyes – not easy!

Some things that I emphasise on the L.C. course for their general usefulness are:

Bonding – very important
Hierarchies of various types:

acid strengths
base strengths
energy levels
activity series
electronegativities

Quality  of  the  pupil’s  answer  important  – not  just  any  answer  is
acceptable.

I had hoped to illustrate my talk with more experiments than I had time for – too
much talk! I talked about the science set-up at Clongowes, where we have one
teacher  per  subject  and  he  can  equip  and  develop  his  own  laboratory  and
classroom to suit himself. This is a long-term project which is both challenging and
rewarding. “Good roots and proper nourishment produce good crops!”

(I’m sorry we have only a brief account of this talk. I wasn’t able to attend it and
so couldn’t add my own impressions. Ed.)

Chemistry illustrated

“Chelate  from  the  Greek  word  meaning  claw.  A  chelate  attaches  itself  in  a
claw-like fashion to a central metal ion forming a complex.”
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Such species, or ligands, are termed multidentate – having many teeth, for biting
into  the  central  ion.  EDTA is  a  hexadentate  ligand,  ethanedioate  (oxalate)  is
bidentate, as is 1,2-diamino-ethane (ethylenediamine).

Who said that chemical language was not picturesque?
(illustration reprinted from Chemistry, A.C.S.)

“A name for every chemical”
“Imagine a city inhabited by people who are not sure of their own names. Some of
the  citizens have four  or  five  different names,  while  some are  known only  be
nicknames.  Others  answer  to  vague  descriptions  such  as  the  ‘red-haired
bricklayer’; and some seem to have no names at all, although their friends and
associates  know  them  by  sight.  Life  for  these  people  would  be  extremely
complicated. But save your pity for the poor chap who has to compile the city’s
telephone directory, and for the folk who have to use it.

There is an analogy in ordinary life for people in such an unusual predicament.
Someone  who  wants  to  look  up  the  telephone  number  of  a  person  in  our
hypothetical  ‘no-name’  city  would face  a  similar  problem to that confronting a
scientist who wants information about chemicals.”

David Magill, New Scientist, 3 July 1980, 16-18
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An article on the problems of indexing and retrieving information on the 4½ million
known compounds, which are increasing at the rate of 350,000 new compounds a
year!  Each chemical  in the  Chemical  Abstracts Service  has a  registry  number
which is unique but to find all compounds, for example, with a given structural unit
then the Wiswesser line notation is used (WLN). The WLN for each compound is
unique and unambiguous and can be searched by computer looking for particular
groups or structural units. However, in the literature one is likely to come across
the same compound by several different names, as the example below shows.

Formula: C7H5O3SN Systematic name:
1,2-benzisothiazol-3(2H)-one, 1,1-dioxide

Trivial name: Saccharin Other names:
o-sulfobenzimide
CAS Registry no.: 81-07-2 benzoic sulfamide
1,2-dihydro-2-ketobenziso-sulfonazole
benzosulfimide
Garantose
Saxin etc
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Water is more than H2O
David Conlon

Dublin Gas Company

When preparing this talk, which is not meant to be an exposé on the Chemistry
of water,  I  consulted eight text-books of different standards from Inter.  Cert.
through Leaving Cert.  to  Honours Degree  level  to  see  what  was said  about
water. If I were not familiar with it from experience, I would find it hard to make
out what water was from the text books.

Sure, I got properties of water and of solutes in water as the universal solvent
covering such topics as:

Water of association;
Water as a catalyst;
Conductance of water;
Dissociation Constants in water;
Gas reaction of;
Heavy water;
Hydrogen bond in water;
Inter-atomic distances in water;
Ionic product of water;
Ionization of water;
Water of crystallisation;
Triple point;
Structure of liquid water, etc.

I  came across terms that I hadn’t shaken hands with for years. I  resurrected
laws and principles and equations and names that I used to be familiar with as
though they were a part of the family and which I used to use theoretically to ask
and answer questions. A host of names came tumbling off the pages but in the
end I would have known very little about ordinary every-day, clean, wet water if
I had not drunk it or been soaked by it or seen it coming out of the tap.

In a climate like ours, you might ask, what is the need to describe water or to
suggest a familiarisation tour to see it as it naturally occurs? Irish weather, being
what it is, would it not come up to meet you, to pour over you or in some other
way inconvenience you?

Water is the most commonly found commodity on earth covering 70 to 80% of
the globe’s surface. We ourselves are 60 to 80% water. The foods we eat are 80
to 98% water. Without water we would never have existed, without water we
could not presently live. Water content in food varies from approximately 80%
(20% solids in meat) to 97% water (2½% solids in most leaf green vegetables).

Despite the abundance of water in the world only about 1% is readily usable by
man. Sea water constitutes 97% of all water, ice caps and glaciers about 2%,
rivers, lakes and ground water approximately 1/1000th of 1%.

Great cities and large towns are all sited on a river, lake, or coast. Outside of its
use for commerce and transport, it was necessary for survival. In man’s early
days there was no need to worry about the quality of water, just the quantity
requirements  increased.  At  the  turn of  this  century  average  water  usage  in
Ireland was between ½ and 2 gallons of water per person per day; today the
average daily usage is 50 to 60 gallons. In the U.S.A. it is in excess of 80 gallons.
These figures do not take into account industrial usage which varies from 70 to
95% of the total water usage of each country.

If water is increasingly used at this growing rate, how long will it be before the
demand exceeds the supply and water as we know it runs out? If nature is left to
herself she has a way of achieving a balance which fulfils the needs of all the
people  of  the  world.  This  happens through the  continuous hydrological  cycle
which renews and regenerates what has been used and discarded. But there is a
limit to the regeneration capacity of nature.

Despite droughts and floods nature has managed, by and large, to regulate the
cycle  through  the  ages  without  undue  interference  from  man.  The  rate  of
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increase of man’s development in the 20th century has been greater than for any
other period in human history. Man’s need for clean water has run parallel to this
progress.  That  progress  and  man’s  need  is  now  threatening  the  natural
equilibrium that has always existed. Intensification of agriculture and industry,
concentration  of  an  increasing  population  in  decreasing  space,  the  cities,  is
making ever increasing demands on finite water resources and gross pollution is
not now infrequent e.g. in the Mediterranean, the river Rhine, etc.

Man’s rapid development of new technologies, good in themselves, has taken the
availability  of water  for  granted and by  and large has ignored the  impact of
development on nature’s capacity  to regenerate.  Some disturbing facts which
illustrate this are:

-  The  1950’s  expedition  of  the  Kon-Tiki  across  the  Atlantic  was
aware of human effluent in the  Atlantic for  1500 miles from the
western shores of Europe.

- Neutralisation of an acid by a base in a laboratory normally takes
place in a conical flask and is visible by means of colour change in
an indicator. The scale of titration is in amounts, for most practical
purposes, of 25 to 50 mls. Neutralisation of a river stretch, visible
by means of a live to dead fish indicator in the rivers of Ireland is
becoming more frequent. The massive scale of contamination has
killed wide rivers for 10 miles of their length.

- The persistent presence of disease in salmon after they leave the
sea  and  populate  our  rivers  has  continued  in  Irish  waters  for
approximately a decade.  No fundamental change has occurred in
the fish or their nature, nor yet in the vastness of the seas. One
must presume that a sufficiently significant change has occurred in
the  quality  of  the  fresh receiving  waters  of  rivers  and  lakes to
enable the disease to strike and persist.

- In many towns and cities reservoirs which are simple treatment
plants for water to be used for domestic and industrial purposes,
draw this raw water  from rivers and lakes.  The major  cleansing
process is filtration. Toxic chemicals have been dumped in or near
rivers or streams and can be drawn into reservoirs, pass through
filtration  beds  and  can  be  distributed  into  the  domestic  water
system. While no major tragedy has occurred there have been a
number of near misses closer to home than we would care to admit.

- The disposal of toxic wastes has hitherto been unsupervised. All
toxic wastes indiscriminately dumped can flow from the location of
its dumping and find its way through rock crevices and pollute what

Water is more than H2O http://www3.ul.ie/~childsp/CinA/cina4/TOC19_Water.htm

2 of 4 24/01/2012 09:36



have been considered to be sources of pure spring water from time
immemorial.  Once  contaminated  this  so-called  clean  spring  can
remain toxic for years. There are instances in Ireland where waters
are so polluted that cattle cannot be allowed to drink from rivers
downstream of certain processing plants.

No  private  individual,  company  or  local  authority  is  setting out  as part  of  a
deliberate policy to pollute rivers or other sources of water. Most pollution occurs
because  of  lack  of  awareness  in  the  planning  stage  of  what  the  total
requirements of a population are going to be.  A resource as contaminable as
water,  needs continuous care  and vigilance,  some  sensitivity  and reasonable
housekeeping if it is going to continue to be available as a life-giving source.

We in Ireland have become so used to having water, clean and pure, that we
hardly know what it would be like to be without it. North and West Dublin city
were without water for Christmas day and part of Stephen’s Day 1980 due to a
pumping fault at Leixlip, County Kildare. For the first time in many homes the
inconvenience  of  being  without  a  ready  supply  was  encountered  by  many
householders.

A number of schemes currently being constructed or being planned for the supply
of  domestic  water  involve,  for  the  first  time  in  Ireland,  pumping  over
considerable distances. For example, piping of a supply from the River Liffey at
Ballymoreustace to Dublin has been in progress for several years at considerable
cost  and is  not  yet  completed.  Planning permission has been sought  for  the
extraction of four million gallons of water from the River Slaney at Rathvilly in
South County Wicklow to be taken westwards through County Carlow for  the
supply of Carlow town and surrounding districts. This may seem strange when
Carlow town is itself  located on one  of the  largest  and longest  rivers in the
country, the Barrow. The reason for the willingness of Carlow County Council to
undertake the considerable capital cost of laying down the length of pipe required
is based on economics. The treatment of river water, extracted in Carlow, would
either be too difficult and expensive as the water is either too hard or too dirty to
treat.

In the United Kingdom water has to be taken from the Welsh valleys and piped
130 to 140 miles to supply Manchester  and Liverpool.  In the United Kingdom
responsibility for supply of water is normally vested in a water authority rather
than in a local authority and the cost of provision of water per family in Britain is
an average of £42 per annum. The highest local rate is of the order of £60 per
family. In Ireland the Irish domestic water rate bill is between £2 and £3. It is
unlikely that we will appreciate what we have in such plentiful supply until we
have to pay approximately its market value for what we currently have virtually
for nothing.

While there has been a rapid increase of awareness during the 1970’s by the local
authorities of their need to provide sewage disposal facilities or treatment works,
there are hundreds of coastal and inland towns where untreated sewage is being
pumped straight into the sea or into rivers. Volumes of water as large as Dublin
Bay are of a quality less than a standard which would be accepted as safe to the
World Health Organisation.  Globally at least 1,500 million people do not have
safe  water  to  drink  and 1,750 million,  ¾ths of  the  population of  developing
countries have no facilities for sanitation not even a stinking bucket.

These figures are probably underestimated because they are based on statistics
provided by  governments who like  to  inflate  their  achievements in providing
water and sanitation for their people.

The  World Health Organisation believes that  inadequate  water  and sanitation
causes 80% of the world’s disease. More than half the people who die every year
in  the  Third  World  are  children  under  five,  compared  with  4½%  in  richer
countries.

This is only part of the total caused by water borne disease. Hundreds of millions
suffer from intestinal worms, diseases leading to blindness or other infections.

A programme to provide clean water and adequate sanitation for all the people
of the world by 1990 is being organised by the United Nations. Because of its cost
it is unlikely to succeed to any great extent.
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Whiskey which is known in Ireland as Uisce Beatha should not really bear that
name. The real Uisce Beatha of our experience is plain uncontaminated H2O that
we in Ireland have used and abused at will. I would urge teachers, who as much
as any other source can influence the citizens and decision-makers of tomorrow
to persuade their pupils not to accept a reduction in water quality standards by
local councils and would urge them to refuse to allow either the population or the
authorities which represent them to change Uisce Beatha into Uisce Bais.

A Shell film entitled “The River Must Live” was presented which illustrated the
talk.

“To the sewage works come the undigested fragments of the fruits of the earth –
it could be said – crumbs from the rich man’s table.”
Magnus Pyke in
“There and Back”, Murray 1978
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